is to make the transmitted codeword, S, Toeplitz, thereby guaran-
teeing full spatio-temporal diversity. A typical codeword is shown
above for the case of M7 =2, My =1, L =2, N = 4. This code
exploits full, fourth-order diversity in the system. Fig. 1 compares
the performance of*the SDD and GDD codes. The channel taps
ase agguffled to be uncorrelated across space and time implying a
potential diversity order of four. Each transmitted frame is 130
symbols long. Clearly, the SDD fails to exploit full diversity gain,
.Whereas the GDD has higher divetsity order. The comparison may
seem unfair because the GDD code with higher code delay has
more states as compared to the SDD code. However, our goal in
cgmparing the two schemes is to show that the extra states do not
merely buy coding gain but help in exploiting full diversity as is
clear from the steeper FER slope.

Conclusions: We have presented a framework for analysing space-
time codes for a delay spread channel. We have proposed a gener-
alised delay diversity code with code delay matched to the delay
spread which exploits full spatio-temporal diversity.
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Efficient implementation technique of LDPC
decoder

W.XK. Leung, W.L. Lee, Angus Wu and Li Ping

An efficient implementation technique of the low density parity
check code decoder is proposed. Using the technique, the decoder
can be implemented with additions only and there is considerably
lower complexity compared with the standard sum-product
decoder.

Introduction: The low density parity check (LDPC) code [1] can be
decoded by the iterative sum-product algorithm [2). The latter
involves manipulation of the difference between likelihood values
which is sensitive to the quantisation effect. It has been shown
that the parity-likelihood-ratio (PLR) technique [3] is less sensitive
to quantisation.

In this Letter we will show that the PLR technique described in
[3] can be efficiently implemented with additions only. The per-
formance can be maintained by using a very simple correction
term (either +1 or —1), which is similar to the correction method
introduced in [4].

PLR method for decoding LDPC codes: The iterative decoding
procedure of the LDPC code described in [3] is summarised below.
Let ¢ = {c,} be the transmitted codeword over {+1, -1} and
denoted by obs(c) the noisy observation of ¢. According to [3], the

following steps are carried out iteratively during decoding:

f(’Um,lv s Umon—1,VUm,n+1, )
(la)
Vertical step:  vpmp = un H Wi (18)
i#m
In eqn. 1, v,,, is initialised to u, = Pr{c, = +1|obs(c)}/Pr{c, =
—1]obs(c)}. The horizontal step in eqn. la is regarded as the local
decoder of codes formed by {v,,}. The vertical step (eqn. 15) is
regarded as the global parallel decoder for multiple concatenated
codes. Considering the implementation issue of eqn. 1, the multi-
plication in eqn. 15 can be implemented by addition of the expo-
nent indexes in the log-domain (see discussion below). The f-
function in eqn. la is evaluated as

Horizontal step: W p =

_ _ f(A) - B+1
_fAB-C+1
f(A’B’C)___f(A,B)+C’ @)

which can be implemented using a lookup table. In the following,
we introduce a more efficient implementation technique for evalu-
ating eqn. 2.

Efficient implementation of f-function: During the decoding proc-
ess, all variables are stored in log-domain in the form of

st odiel I=0,41,+2,..,£2" 1 -1)

with an m-bit quantisation scheme [3}. Assume s > 1, since {s', V i
e I} and {(1/sy, V i € I} contain the same set of elements. We will
store the indexes {i}. In the log-domain, eqn. 2 involves the fol-
lowing operations:

Do stos7+1
k:IOgsf(S’SJ)—IOgsW (3)
-which can be written as
k=k+o (4)
with
k = sign(i)sign() min(J4|, |]) (3)
and

8 = log, (s"i“' + 1) — log, (s“i_ﬂ + 1) (6)

(Note: In [4], the logarithm of ffunction is called the ‘box-plus’
operation.) As suggested in [4], kX can be approximated by k, but
this will incur a performance loss as shown in Fig. 1. This loss can
be avoided as follows. With the above quantisation scheme, i and
J are quantised to integers and so k is always an integer. Since k&
should also be quantised to an integer, we have

E+o0 if|s| <05
k1 if05<(0 <15

k=Qk+0)=3115 15<pj<2s (O

where Q(-) is the quantisation function with threshold at the mid-
dle of two indexes. Thus k can be obtained by adding an integer
correction term to k. The range of this correction term is related
to s as follows.

Starting with s + 1 < 2, for s > 1 (see above), therefore,

0 < log, (s"zl + 1) < log, 2 (8)

Combining eqn. 6 with eqn. 8,
—log,2<d <log,2 or |[6] <log,?2 9)

The range of 3 is given as a function of s in eqn. 9. Table 1 sum-
marises the consequence of eqns. 7 and 9.

In our simulation studies, we adopt s = 3 and s = 2 for m = 4
and m = 5 quantisation bit schemes, respectively. Based on
eqns. S and 7 and Table 1, there are only two non-zero correction
values +1 for s = 2 and 3. Furthermore, by carefully listing all pos-
sible input-output values, eqn. 4 can be rewritten in the following
forms.
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Table 1. Possible values of quantised correction term with
difference step size s

s d Possible values of quantised correction term
IEEY. 18/<0.5 0
5215874 | |p|< 1.5 0, 1
s21.3915 | [§| <25 0, +1, 2

Formi=4ands =3,

(10)

Form=5ands=2

i = log f(s?, ¢7)
ljl] <1and k #0 (

_ {gign(fc)(lfcl -1 il - 11a)
k otherwise
except k = k, when
[El=1 and max(ld],|j]) =2 (115)

We observed that the performance loss is negligible if eqn. 115 is
ignored (i.e. use eqn. 1la only for all cases). Clearly, no multipli-
cation or table searching is required in eqns. 10 and 11. The effect
of using the correction term is shown in Fig. 1. The performance
of the five-bit scheme with the correction term is very close to that
of the ideal case.

101
I s s
1021 PR ~
. . L]
103 A
- 4 2 "
& . - 8
o : : B
104 L . B P
1075 - .
n .
using k= A
106 1 1 I 1 L
0.6 1.0 1.4 18 2.2 2.6

Ey/Np

Fig. 1 Performance of rate-1/2 LDPC code with information length =
30000 and iteration number = 18

Serial (two-way) schedule is adopted in simulation (see [5 — 7])
M no quannsatlon .

A 5 bit quantisation

@ 4 bit quantisation

Conclusion: We have introduced an efficient implementation tech-
niquie for decoding the LDPC codes based on the likelihood ratio.
The proposed method does not require multiplication or table
searching, and thus leads to considerably reduced decoding cost.
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Optical orthogonal code design using
genetic algorithms

C.K. Ho, S.W. Lee and Y.P. Singh

A construction technique for optical orthogonal codes (OOCs)
using genetic algorithms (GAs) is proposed. The performance of
the GA OOCs is compared to that of four existing OOCs. Results
show that the GA OOCs have a lower probability of error.

Introduction: An optical orthogonal code (OOC) C is a collection
of binary (0, 1) sequences that can be described by using four
parameters, (1, w, A,, A.), where n is the length of the sequences, w
is the Hamming weight of the sequences, A, is the auto-correlation
constraint and A, is the cross-correlation constraint. Here, periodic
correlation is considered. Let ¢ represent the ith ‘1’ in an OOC. A
codeword of weight w is then represented in set notation as {¢,, t,,

, ty}. OOCs are used as address code sequences in incoherent
optical code division multiple access (CDMA) local area networks.
An OOC has two important properties [1], i.e. the auto-correlation
property as described by eqn. 1 and the cross-correlation property
as described by eqn. 2 in the following:

n—1
lext+T S /\a O<7<n (].)
t=0
n—1
> zyerr <A forany 7 2
=0

where X = (xg, X, ..., X,-1) € C, ¥ = Vg, P15 oo » V) € Cand T is

an integer representing a time shift.

Code construction: The genetic algorithms have been designed to
produce OOCs with any n, w, A,, and A.. The algorithms consist
of the following steps:

Step 1. Encode each binary string codeword as a string of integers,
where each integer corresponds to the positions of ‘1’s in the code-
word.

Step 2: Generate the initial population with weight = w and length
= n. An individual is constructed by randomly generating w inte-
gers from a pool of integers containing 0 to n - 1. Let N represent

the size of the population.

Step 3: Evaluate the fitness of each individual in the population:
using the following fitness function:

0 if Ay o(s) =0
. N
Fitness(z) = L S~ A, (s) if Apo(s)=1 ()
et
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